Objective. To study the effects of an aquatic therapy program with different frequencies (2 vs 3 days per week) in chronic low back pain. Results. Both experimental groups presented significant improvements in low back pain and disability (P < 0.001) compared with control group. The 3 days/week group showed significantly greater benefits at VAS flexion and disability (P < 0.001) than the 2 days/week group. Regarding quality of life, both intervention groups presented significant differences for Physical Role (P < 0.05), Bodily Pain (P < 0.001), General Health (P = 0.012), and Standardized Physical Component (P < 0.001) compared with control group. Both experimental groups significantly improved all health-related fitness parameters (P < 0.01). The 3 days/week group showed significantly greater benefits at curl-up and heart rate (P < 0.001) than the 2 days/week group. No significant changes between treatment groups and control were found in body composition.
costs of low back pain, cost-effective management of low back pain requires community-based approaches that use existing infrastructure to help individuals prolong function, minimize pain, and maintain quality of life (QoL) [2] .
Research has consistently demonstrated that impairments in strength [3, 4] , flexibility [5, 6] , endurance [7] , and obesity [8] are present in many patients with CLBP. Recent systematic reviews of exercise have each concluded that exercise is an effective therapy for CLBP [9, 10] . These exercise programs, according to several clinical trials, are effective in decreasing the incidence and duration of CLBP episodes by improving strength and endurance of muscles, by increasing flexibility of soft tissues and aerobic capacity, thus reducing pain and disability, and improving QoL [1, 11, 12] .
Exercising in water has become increasingly popular, and it has been reported that therapeutic aquatic exercise appears to be a safe and effective treatment modality for patients with low back pain [13] [14] [15] [16] [17] . Water immersion decreases axial loading of the spine and, through the effects of buoyancy, allows the performance of movement that are normally difficult or impossible on land [18] . By utilizing the unique properties of water (buoyancy, resistance, flow, and turbulence), a graded exercise program from assisted to resisted movements can be created to suit the patients' needs and function. Aquatic exercise may improve pain and disability, and maintain QoL in patients with CLBP [19] , especially in individuals with low levels of physical fitness [20, 21] . These findings suggest the potential benefits of aquatic exercise for people with CLBP.
In previous studies on therapeutic aquatic exercise and CLBP, authors found that most trials demonstrated major flaws in their methodology and were in most cases not well reported; often the details of the intervention were completely absent [22, 23] . The frequency of the aquatic exercise sessions per week and outcomes measured varied considerably in the different studies, and some of them did not have a control group, which makes comparison difficult. To the best of the authors' knowledge, only one study has investigated the effects of different amounts of sessions per week of aquatic therapy, with 7 patients exercising once per week, 19 patients twice per week, and 9 patients three or more times per week [24] . However, the program consisted of exercise performed outside or inside the swimming pool, not only aquatic therapy. Thus, more controlled trials are needed to clarify the frequency of the aquatic exercise sessions per week in the management of CLBP.
The purpose of the non-randomized comparison trial was to study the effects of an 8-week aquatic therapy program with a frequency of 2 and 3 days per week on pain, disability, and QoL (primary outcomes), and body composition and health-related fitness (secondary outcomes) in men and women with self-reported CLBP.
Methods

Participants
A total of 78 sedentary adults with CLBP volunteered to participate in this study. They were all recruited in Massam Sport Center (Granada, Spain); this contact followed their referral for aquatic exercise by their medical practitioner, and received written and oral instructions about the intervention, test protocol, and the possible risks and benefits of the study. The inclusion criteria for this study were: age between 18 and 65 years, and presence of self-reported low back pain for more than 12 weeks [25] . Exclusion criteria were: symptoms or signs that might suggest serious medical illness; pregnancy or recent childbirth; major rheumatologic, neurologic, neoplastic, or other conditions that may prevent full participation in the intervention; previous spinal surgery; inflammatory, infectious, or malignant diseases of the vertebra; presence of severe cardiovascular disease; presence of any psychiatric disorder which might affect the compliance and the assessment of symptoms; and engagement in physical activity Ն60 minutes per week during the last 12 months [26] .
A total of four patients were eventually not included in the study (three not meeting inclusion criteria and one refused to participate). Therefore, a final sample of 74 completed all requirements of this study. The study flow of participants is presented in Figure 1 . The sociodemographic characteristics of participants in the intervention and usual care groups are shown in Table 1 .
Study Design
The present study was a non-randomized comparison trial with allocation of participants into the two experimental groups, experimental group 2 days per week (EG2d, N = 24) and experimental group 3 days per week (EG3d, N = 24), or waiting list (Control Group, N = 26). We had an ethical obligation with the Massam Sport Center (Granada, Spain) to provide treatment to all patients willing to participate in the study, for this reason, randomization was not possible. However, due to the limitations of the available resources concerning aquatic exercise, a waiting list was created and patients in this list agreed to be part of the usual care group (CG) being then offered the same intervention program, in the same center after the follow-up period. The control group received different recommendations about adequate posture, healthy lifestyle, and information about exercises contraindications for CLBP patients. For those subjects in the waiting list, data collected only during the control period were included in the current analysis. The sport center only accepts eight subjects per group in a total of six groups of aquatic physical therapy (three for EG2d and three for EG2d). Each participant was allocated to a treatment group according to their time availability. Throughout the study, all participants (including those in the CG) were encouraged to maintain their normal dietary habits and physical activity level. 
Intervention Program
The 8-week aquatic therapy program consisted of 16 and 24 sessions in EG2d and EG3d, respectively (Table 2) , and no exercise sessions in CG. The aquatic therapy program was carried out in an indoor pool sized 25 ¥ 6 m, with 140-cm water depth, 29 Ϯ 1°C of water temperature, and 32°C of room temperature. Before aquatic therapy program, participants took part in one session of exercises with no external resistance to familiarize with the movements in the aquatic environment and the flotation material. During this session, the participants also familiarized themselves with the use of the rating of perceived exertion (RPE) scale from 6 to 20 [27] , exercising at different intensities. The aim was to use this scale during the 8 weeks to control the intensity of the aerobic exercises. Participants were asked not to change their medication during the 2-month intervention period.
Aquatic Therapy Program
Each aquatic therapy session was conducted in reduced groups of eight participants and lasted 55-60 minutes. They were closely supervised by trained exercise specialists and a physiotherapist with 5 years of previous experience with similar programs. Each session included 10 minutes of warm-up, 15-20 minutes of resistance exercise, 20-25 minutes of aerobic exercise, and 10 minutes of cooldown (stretching exercises).
Resistance Exercises
The resistance exercises progressed throughout the program by changing the number of repetitions per set (volume), by including specific resistance material that increase the resistance offered by the water, and by increasing the velocity of the movements [28] . Noodles and cuff devices were used for upper body and lower body exercises, respectively. Each training session included the following resistance exercises: hip flexionextension, hip abduction-adduction, arms abductionadduction at chest level, curl-ups, scissors leg, backstroke kick with water noodle under the waist.
Aerobic Exercises
The planning of the aerobic exercises was done considering the intensity (Borg scale 6 to 20) and the volume (minutes). The Borg scale has showed adequate reliability to quantify training loads during aquatic exercise [29] . The aerobic exercises incorporated large muscle mass and consisted of lateral displacements; long-lever pendulumlike movements of the extremities; forward and backward jogging with arms pushing, pulling, and pressing; leaps; kicks; leg crossovers; hopping movements focusing on traveling in multiple directions; and bounding off the bottom of the pool. Heart rate (HR) was assessed using the POLAR 610 heart-rate monitor (Polar Electro OY, Kempele, Finland) at different moments of the program when patients were out of pool. Participants were monitored in different sessions to assess if the intensity recommendations were followed.
Flexibility Exercises
Lower body stretching exercises were performed at the end of each session, as part of the cooldown. The muscle groups to stretch were gluteus, lumbar back, and hamstrings. A static stretching technique was used, where the posture was achieved in 5 seconds, maintained during 20 seconds in its maximum amplitude without pain, and 5 seconds to go back to the initial posture, repeated three times per exercise [30] .
Testing Procedure
After agreeing to participate and completing the informed consent form, all participants attended two initial measurement sessions, where back pain, disability, QoL, body composition, and health-related fitness were measured. Assessment sessions were carried out prior to the start and immediately after the exercise therapy intervention. All testing sessions were conducted by the same researcher.
Testing took place in laboratory conditions at 24°C temperature in two sessions. In the first day, participants were evaluated for (in this order) body composition, sit and reach test, handgrip strength, and curl-up test. In the second day, the questionnaires Quality Short-Form Health Survey 36 (SF-36), Oswestry low back pain disability questionnaire (Oswestry Disability Index, ODI), and visual analog scale (VAS), as well as the Rockport 1-mile test were administered. Resting HR was also measured.
Pain, Disability, and QoL (Primary Outcomes)
Three different questionnaires were used to evaluate selfestimated participants' level of pain, disability, and QoL.
1. Back pain was assessed at rest and during movement (flexion and extension) with a VAS, ranging from 0 to 10 cm (0 means no pain, 10 means highest level of pain). The reliability and validity of VAS have previously been found to be acceptable [31] , and the minimal clinical important change has been estimated to be 15 mm in patients with low back pain [32] . 2. The Spanish version of the Oswestry low back pain disability questionnaire [33] was used to measure back-related disability of activities of daily living. The sum of the response scores was calculated and presented as a percentage, where 0% represents no pain or disability and 100% represent the worst possible pain and disability. The reliability and validity of ODI have previously been found to be acceptable [33] , and the minimal clinical important change has been estimated to be 10% [32] . 3. The SF-36 is a generic instrument assessing healthrelated QoL. In this study, we used the Spanish version of SF-36 [34] . It contains 36 items in eight domains (parameters): physical functioning, physical role, bodily pain, general health, vitality, social functioning, emotional role, and mental health. These eight parameters can be used to derive two composite scoring summaries: physical composite summary (physical functioning, role physical, bodily pain, and general health perceptions) and mental composite summary (vitality, social functioning, mental health, and role emotional). The SF-36 is a sensitive measure of treatment success in patients with low back pain [35] . Each domain is scored on a scale from 0 (worst possible health) to 100 (best possible health).
Body Composition (Secondary Outcome)
Body composition was measured using Octapolar bioimpedance analyses (Biospace Inbody 720; Biospace Company, Ltd, Seoul, Korea). Biospace Inbody analyzer has been found in the literature to be reliable in the calculation of body composition [36] . We measured weight (kg), body fat mass (kg), body fat percentage (%), and skeletal muscle mass (kg ).
Health-Related Fitness (Secondary Outcome)
1. Trunk flexion and hamstring tone were determined via the sit and reach test, as described by the American College of Sports Medicine's (ACSM) protocol [30] . The test was performed twice, and the best result in centimeters was recorded. If the ruler was somewhere between two centimeters, the lower one was scored. 2. Upper body isometric strength was assessed by using handgrip strength test. A hand dynamometer with adjustable grip was used (TKK 5101 Grip D; Takey, Tokyo, Japan). The patients squeezed gradually and continuously for at least 2 seconds, performing the test with the right and left hands in turn, with the elbow in full extension. The test was performed twice and the maximum score for each hand was recorded in kilograms. Optimal grip was noted for each participant in the pretest, and repeated in the posttest. The sum of the scores achieved by left and right hands was used in the analysis [37] . 3. Abdominal muscular endurance was measured using the curl-up test [30] . The subjects were allowed to practice a few repetitions before testing. Patients were instructed in the procedure of measuring their pulse, and then were asked to register resting HR manually at home, from the carotid artery using a stopwatch. They registered resting HR in four nonconsecutive days during pretest and posttest weeks: in the morning before getting up or after staying in prone position for at least 30 minutes. The average HR among the four measurements was used as resting HR before and after the intervention.
Statistical Analyses
One-way analysis of the covariance (ANCOVA) was used to compare participants' characteristics by groups, both at baseline (pretest) and follow-up (posttest). In these models, the outcome variables (pain, disability, QoL, body composition, and fitness) were entered as dependent variables, group was used as fixed factor, while sex and age were used as covariates [40] . To analyze the effects of the training program we used ANCOVA with post-pre differences as dependent variables, group as fixed factor, and sex, age, and the baseline level of the variable as covariates. Bonferroni's adjustments were used for pair wise comparisons (post hoc). The analyses were not adjusted for the number of sessions actually performed, as the adherence to the intervention was very high: all participants performed at least 97% (15 from a total of 16) and 93% (22 from 24) of the sessions in EG2d and EG3d, respectively. Intergroup effect sizes were calculated (d, Cohen) to provide information about the change magnitude. Due to the small number of missing data, we included in the analyses those subjects who completed both the pretest and posttest evaluations and, thus, it was not necessary to employ imputation methods. Data analyses were performed using PASW statistical package version 18.0 (SPSS Inc., Chicago, IL, USA). Significance level was set at P < 0.05.
Results
Six participants from the intervention groups discontinued the program due to withdrawals or work commitments (three in each intervention group), and the other three participants were excluded for attending less than 97% of the program in the EG2d group (attendance: 76.6%). During the study period, nine patients (34.6%) changed from the CG (waiting list) to the intervention group-their data were not included in this report, and two more patients from CG (7.7%) did not attend final assessment. Finally, a total of 21 (87.4%) patients from the EG3d, 18 (74.8%) from the EG2d, and 15 (57.7%) from the CG completed both pre and post intervention assessments and were included in the analysis (Figure 1 ).
Back pain (VAS at rest, in flexion, and in extension) and disability (ODI) results are shown in Table 3 . The ANCOVA with post-pre differences showed significant differences in both experimental groups in VAS and ODI (P < 0.001) compared with CG. Significant differences were also noted between EG2d and EG3d: EG3d experimented significantly greater improvements at VAS flexion and disability compared with EG2d (P < 0.001).
QoL results are given in Table 4 . We observed significant differences between groups in Physical Role (P < 0.05), Bodily Pain (P < 0.001), General Health (P < 0.05), and Standardized Physical Component (P < 0.001). All these parameters improved in EG2d and EG3d compared with CG.
Intervention effects on body composition are displayed in Table 5 . The ANCOVA with post-pre differences showed no significant differences between groups in body composition. The results in health-related fitness are given in Table 6 . Significant differences (P < 0.001) were observed between groups in sit and reach, handgrip, curl-up, VO2max, and resting HR. Both experimental groups (EG2d and EG3d) improved all these fitness parameters compared with the CG. EG3d presented significantly greater improvements compared with EG2d in curl-up, resting HR, and HR in the Rockport 1-mile test (P < 0.05).
Discussion
The principal finding of this study was the dosage effect of aquatic exercise in CLBP. An aquatic therapy program performed 3 days per week had a greater effect in VAS at flexion, ODI, curl-up, and HR at rest and post effort than 2 days per week.
This study sought to determine the effectiveness of an aquatic therapy program, with a frequency of two and three sessions per week, as a rehabilitation strategy for patients with CLBP. In general, the present data provide further support that aquatic therapy program is effective at inducing meaningful changes in back pain, disability, and QoL; musculoskeletal strength; aerobic fitness; and flexibility using either 2 or 3 days per week. We observed significant improvements in back pain levels from baseline, where VAS at rest decreased 49% and 61%, VAS in flexion decreased 39% and 68%, and VAS in extension decreased 46% and 74% in EG2d and EG3d, respectively. We observed significant improvements in disability levels from baseline, where ODI decreased 27% and 57% in EG2d and EG3d, respectively. Our results in these parameters (back pain and disability) exceeded the estimated minimal clinical important changes in patients with low back pain [32] in both experimental groups.
We also observed an increase in several domains of health-related QoL in both experimental groups. These changes were accompanied by improvements in fitness, suggesting a possible mechanism by which aquatic exercise could be effective for the management of CLBP. Body composition parameters (weight, BMI, body fat mass and percentage, and skeletal muscle mass) showed a very slight improvement, but the differences before and after the intervention were not statistically significant. These findings were similar to those reported in previous studies [14, 41] , suggesting that these aquatic exercise programs were not enough stimulus to affect body composition.
Regarding the number of sessions per week, both experimental groups presented significant improvements in back pain (VAS) after the intervention, but EG3d had a greater improvement in VAS at flexion than EG2d. These findings are similar to those reported in previous studies where patients exercised three sessions per week. Yozbatiran et al. [14] studied 30 patients with CLBP, allocated to either aquafitness group (N = 15) or land-based fitness group (N = 15), where aquafitness group achieved a total of 12 sessions, three per week for 4 weeks. The aquafitness program consisted of warm-up and stretching exercises followed by a circuit of 15 progressive exercises, and cooldown with stretching and light aerobic exercise, according to the program described by Frost et al. [42] . At the end of this study, patients improved significantly in back pain (P < 0.05), with a reduction of 65% in VAS. Similarly, Saggini et al. [13] observed a reduction of back pain of 70% in VAS after an aquatic program of 3 days per week for 7 weeks (P < 0.01). However, none of these studies had a control group in their study, making comparison difficult. In our study, we had a control group, and our study registered more variables in VAS (at rest and at movement: flexion and extension) than previous studies [13, 14] .
Our study and previous studies [13, 14] registered better results in percentage of back pain improvement compared with those reported by Sjogren et al. [43] , whose participants attended two sessions of 50 minutes per week during 6 weeks in resistance, aerobic and flexibility exercises. At the end of the study, results indicated that the aquatic exercise group had a 25% improvement in VAS, compared with improvements of 65-74% in our study and others using 3 days per week [13, 14] . A possible mechanism to explain these improvements in back pain could be that aquatic exercise provides the optimal environment for patients to exercise aerobically, and at higher intensities than would be possible on land. More intensive aquatic exercise programs, with a frequency of three sessions per week, seem to have a greater effect than two sessions per week on the treatment of back pain in CLBP.
Our results also indicate that both experimental groups had significant improvements in disability levels (ODI), with EG3d showing a greater improvement than EG2d (57% vs 27%). These findings were similar to those reported by Yozbatiran et al. [14] , who observed an improvement of 48% in disability. Sjogren et al. [43] showed, in contrast, an improvement in disability of only 9% in the aquatic exercise group (2 days per week of 50 minutes), which can be insufficient and more intensive aquatic exercise programs, with a higher frequency and duration of sessions, may have a greater effect on the treatment of disability in CLBP.
Abdominal muscular endurance presented an improvement of 39% and 75% in EG2d and EG3d, respectively. Abdominal muscular endurance is suggested to be reduced in patients with CLBP [44] , because weakened abdominal muscles cannot maintain normal inclination of the pelvis, which increases lordosis of the lumbar spine [21] . We observed a significant improvement in abdominal muscular endurance in both experimental groups, with EG3d showing a greater improvement than EG2d. These findings were similar to Kell and Asmundson [45] , who studied 27 patients with CLBP in a land rehabilitation program, allocated to either resistance training group (N = 9), aerobic training group (N = 9), or control group (N = 9), three sessions per week for 16 weeks. From baseline to week 8, they had an improvement in abdominal muscular endurance of 11% and 39% in aerobic and resistance training groups, respectively. It is likely that the early changes (~8 weeks) in these musculoskeletal performance outcomes (i.e., strength) associated with our aquatic therapy program were attributable largely to neural adaptations [46] . After week 8, muscular hypertrophy seems to be increasingly important, contributing to musculoskeletal performance [47] .
Our results indicated an improvement in cardiorespiratory fitness, with a significant reduction in resting HR of 2% and 7%, HR post effort of 2% and 9%, and an increase in VO2max. of 11% and 21% in EG2d and EG3d, respectively. Improvements in EG3d were higher than in EG2d only for HR at rest and HR post effort. These findings were similar to Kell and Asmundson [45] , from baseline to week 8, as they reported improvements of 14% and 7% in VO2max and 2% and 1% in HR at rest in aerobic and resistance training groups, respectively. Yozbatiran et al. [14] observed in their study a significant improvement in the 12 minutes walking test. Sjogren et al. [43] also reported improvements in time score in the 100 m walking test. Individuals with CLBP usually exhibit a reduced aerobic capacity compared with Data are estimated means Ϯ standard errors. * Analysis of the covariance (ANCOVA) with sex and age as covariates. † ANCOVA with sex, age and baseline level as covariates, and Bonferroni's adjustments for post hoc comparisons. ‡ Significantly different from CG (P < 0.05). § Significantly different from EG2d (P < 0.05). CG = control group (N = 15); EG2d = experimental group 2 days per week (N = 18); EG3d = experimental group 3 days per week (N = 21).
healthy controls [7] , which means that improving endurance is a reasonable exercise goal for patients with CLBP. Water-based exercise is a potentially viable way to improve cardiorespiratory fitness, given that water has 700 times the density of air and this promotes increase of energy expenditure for work done [48] .
Limitations of the Study
The fact that we were not able to randomize participants into the intervention or usual care group is a limitation of our study; therefore, selection bias could have adversely influenced our study findings. Despite this, there were no baseline differences between groups in almost any parameter. There are pitfalls to estimating maximum aerobic power (indirect measure of VO2max) as opposed to precise measurement with cardiopulmonary gas exchange; however, those inconveniences pertain to both baseline exercise capacity as well as the change after the exercise training programs. Another limitation of our study was the use of RPE as a subjective method to control the intensity of aerobic exercise, although it has been used in previous studies in patients with CLBP [45] . We had no data on medication use or dietary habits during the intervention, so future studies should include such information whenever possible. Long-term outcomes were not performed in these subjects, so it cannot be determined if the effect of the treatment can be maintained over time. Also, the notable physical performance improvements observed in our study may be related with the low baseline level of our participants (sedentary); thus, future research should examine if the improvement in exercise group was not an educational effect of the short-term exercise.
Conclusion
Our results showed that 8 weeks of aquatic therapy program decreased levels of back pain and disability, increased QoL, and improved health-related fitness but did not produce any effect in body composition, in sedentary adults with CLBP. A dose-response effect was observed in some parameters, with greater benefits when exercising 3 days per week compared with 2 days in VAS at flexion, ODI, curl-up, and HR at rest and post effort.
